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22
During ground shaking, the more slender among two equally tall structures is less stable and one 23 can show via static equilibrium that the ground acceleration needed to uplift a free-standing 24 rectangular column is g (width/height). Nevertheless; upon uplifting, there is a safety margin 25 between uplifting and overturning of slender, free-standing columns and that as the size of the 26 column increases (when the slenderness is kept constant) this safety margin increases appreciably 27 to the extent that large free-standing columns enjoy ample seismic stability (Kirkpatric 1927, 28 Housner 1963, Yim et al. 1980 , Ishiyama 1982 
80
During rocking motion the ratio of kinetic energy before and after the impact is means that the angular velocity after the impact is only r times the velocity before the impact.
82
Conservation of angular momentum just before and right after the impact gives (Housner 1963):
The value of the coefficient of restitution given by equation (4) OTE record from the 1973 Lefkada, Greece earthquake is a one-sine acceleration pulse
The various mathematical idealizations of coherent pulse-type ground motions as described by 132 equations (7)- (9) and shown in Figure 4 are invariably characterized by a pulse period, increases, the acceleration needed to overturn the free-standing column becomes appreciably 143 larger than the one needed to uplift it   tan g . Most importantly, Figure 5 shows In an effort to assess the competing effects of size and slenderness, Figure , the overturning diagrams assume a negative slope indicating that 171 slenderness prevails over size.
172
The two opposite trends can be explained by examining the participation on the moment of inertia 173 of the column (proportional to the square of the size) in the equation of motion given by (3). In the 174 event of a long duration pulse (a slowly increasing ground acceleration), upon the column uplifts
) it will rotate slowly developing a feeble angular acceleration. Given the low 176 angular acceleration the engagement of the rotational inertia (proportional to 2 R ) of the column is 177 weak and in this case the slenderness of the column has a dominant effect over size.
178
In the event of a shorter duration pulse (more high-frequency pulse), the free-standing column The overturning diagrams shown in Figure 6 and 7 have significant practical value since they 225 reveal in a direct way the remarkable result, that for moderately long duration pulses the increase 226 in the column size not only can offset the anticipated decrease in the column stability due to the 227 increase of slenderness, but in some occasions it may increase appreciably its stability.
228
We are now interested to examine whether the several response diagrams appearing in Figures 6 229 (of Figure 7 ) are related to each other; or whether each one contains independent information. 230 Equation (9) dictates that in order to uncover any manifestation of self-similar behavior, the 231 overturning acceleration values need to be expressed in terms of the dimensionless products,
. 
325
In equation (10),
, is the frequency,  is the phase and  is the number of half-cycles of the 326 wavelike function. Equation (10) (10) is a zero mean 331 signal and it has been defined as the Mavroeidis and Papageorgiou (M&P) wavelet 332
In equation (11), the scale s , of the M&P wavelet is merely the period of the wavelet
In this work, in addition to the records shown in Figures 4 and 14 Table 1 ). The 371 first observation is that, while there is some scattering (due to some high-frequency spikes), the where size prevails over slenderness.
379
Within the context of a capacity design framework and with reference to Figure 19 , the limit state 380 of a free-standing rocking column is reached when during ground shaking its rotation,  reaches 381 its slenderness,  -that is when the center of gravity is above the pivot point. Accordingly, within 382 the context of capacity design, the displacement capacity of a free-standing rocking column is 383 merely,
Equation (12), while very simple, shows in a primitive; yet direct way that the seismic capacity of 386 a slender free-standing column is the product of the two competing size parameters; the size, R , the effects due to the increase of the slenderness.
432
The increase in the stability due to increase in height may be further enhanced due to a sudden The paper confirms an observation that has been reported in the literature for more than three 440
decades (yet it has not received the attention it deserves) -that the vertical ground acceleration has 
Short columns or low-frequency pulses
Large columns or high-frequency pulses Figure 6 . Overturning acceleration diagrams due to a one-sine pulse that is needed to overturn a free-596 standing column with base Figure 10 . Overturning acceleration spectra due to a one-sine pulse (left) and a symmetric Ricker pulse 632 (second derivative of the Gaussian -right). When the data presented in the three subplots show in each of 633 the Figure 6 and 7 are plotted in terms of the dimensionless products appearing in equation (10) 634 appreciable order emerges. The data however do not collapse to a single master curve because they are for 635
various slenderness values (several   terms). 
